AD-A260 960 C Lo
LT T — @

form Approved
NEr Wi - w<-JMENTATION PAGE OMB No. 0704-0188
S e ey B e o 5 S s oy o B i T 200 S0
| e N 9 o” sny
o o T o e s St e £ e o S e L M ey S BT
B e e r————— ——
1. AGENCY USE ONLY (Leave blank) ]2. REPORT DATE 3. IIPQIY TYPE AND DATES COVERED
' 1/7/93 Reprint i:/1/92-1/31/93
4, TITLE AND SUSTITLE S. FUNDING NUMBERS
(U)"Characteristics and Applications of Stimulated Raman
Scattering in Microdroplets", from the Thirteenth PE - 61102F
International Conference on Raman Spectroscopy PR - 2308
(]
& AUTHOR(S) G - AFOSR 91-0150
Richard K. Chang and Ali Serpengtlizel
. PERFORMING IZATION NAME S; AND ADDI!Sﬂ!S; 8. PERFORMING ORGANIZATION
7. perr ORGAN ¢ REPORT NUMBER
Richard K. Chang
Yale University, Dep't of Applied Physics G , ~
2157 Yale Station PP Y ‘_@ e

New Haven, CT 06520

10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

AFOSR/NA
110 Duncan Avenue, Suite B1l1l5
polling AFB DC 20332-0001

" !ﬁm.nuuhnv NOTES

* ——————

X

. : ’ m
122. DISTRIBUTION/ AVAILABILITY STATEMENT 12b. DISTRIBUTION COOE
Approved for public release; distribution is
unlimited . By . e
. Distribution/
W
13, ABSTRACT (Maximum 200 words)
. Avail and|or
Dist Special

4| |

Review is made of the feedback and gain enhancemnt mechanisms unique to
microdroplets. In particular, the growth of stimulated Raman scattering is
considered in the presence of two-photon absorption as well as the usual
optical losses inside the droplet because of scattering and leakage out of the

droplet cavity. 93_049
98 3 8 o048 /III:’II!IIIN!IIIII!IIIIIIIMM;ZLQ\\

(14, SUBIECT TERMS _ 3. Numee.. - —
Microparticles, stimulated Raman scattering, stimulated 4 w
16 PRCE COOE

Brillouin scattering, and two-photon absorption

Y TSt Ty
17 SLCUNTY CLASSIFICATION 0. SECURITY CLASSIFICATION ]19. STCURITY CLASSIICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF ARSTRACT ]

OF TMIS PAGE
Unclassified Unclassified Unclassified UL

hn———————
NSN 7340.01-280-5300 Sundord.to.;um 3'&?‘0‘ Draty)




(4

Le

, suma yr
»&888%_2855._:_5_.._33%33

Jajruipuvag “f
sunjqod uo pur JapiQ 22431 JO sy Uewrey
uo suoneol|ddy sdnosn) 1ulod [eoisser) Jo siosua ] Auadosg
AdYOAHL NYIVY ‘T uondag

AN'SpUong LN
Adoosansedg ueurey- | .f pue :uEum--&M: Paouryuz-oeung

tt

j122n8uadiag 'y puo Suvy>y -y 'y
$I9|OIPOIITA
ut 3uuanedS weurey paremwing jo suonedrddy pus SousuARIEYD)

62

T

Ll

€1

LoNH [°]
UOTOA JEJjonN
pue uonsdg :Adodsansaeds veurey ut uonreuLIOju] feoRLBUACT L

mondowoy 1
Adossanaads weunsy poajosy-sw ], poimury-uojsues

o5O "D puv ‘sjaddng 'r 0 ‘anaun) ‘r
siuouodiwo) rejn(i) pue s{3D jo Adoosonseds uewey

3uosy > °r
somureui(q
RLRD PUR SIRUANU] JOINPUCWIS Jo Adoosandadg ueurey

e TR Y]
sumaudig o) siveInpy
uigofdoky wos :sanaajop feardojoig jo Adoosonsads ueurey

49112459y "D
SAUMINKSOLNN JOINPUOIILIS Ut JuLINEdS Unuey

4231040 °I ‘N
SUOJ PuR SWOIYY 931
Jo Adoosonoads ueurey-10dAH pue uewey JEIUUON 1UI3y0oD)

Joynor -4 g
Suusneog parejnumg pur snoairewuods ur swySiydnyg

STUNLOAT AMVNATd
SINALNOD 40 319VL

odvBuis - 0100 - UBQSLIG - PWOA MIN - NN
suog % LM uyof

yonmpy Jo Ka1s4oatup)
IMNMYOS "M'H
3mqzanm fo Ksaangup
JIpIAYIS ‘M'd

3mqzampy fo Knssaarup)
oeeyos 'O

D3 ‘amausu] youvlq xop
tuopre) ‘W

3mqzapm Jo Knissaaun
PP "M

&q ppg

Aueunan ‘Sinqupm
2661 Jquindog ¢ - 1ndny ¢
Adoosondadg ueurey
U0 OUIJUOD) [eUONBWIANU] UYL
P 3o sBurpasoalyg

AdODSOULIALS NVINVY

NO IONTHTAINOD TVNOLLVNIILNI

HINJALIIHL




Aaung ‘projpiingD ‘pi sAPPIA Aq WITILG 131D UI pUNOq pus PRy
X $E666 1Ly 0 NESI

Anuiqry ysnug ay) wol) S4qu|IeAs 51 J0Oq Y} J0) PIcd BorwIe v
nogy vepsonqng vi SumBepme)) fowsgr] LG

1MQIYOS BNy 9oy vjasi) d

(uwmwomirreyo) oevysg Fioqadu) wuopse)) d3uy 6£081-26 0ZP—¥8590" .95
W61 LSI9EY ¥sYOD
JILLINIWOD SNOSHAd ONIANVAWOIDV L C -ivel
——— ‘(JusBjiom) ‘M ‘33)a1y | ‘sassasBuo)—Adodsondads 8...21 m"
H 1 X-SEEE6-1Ly0 N
338ram sy Xoevydg PIEYIID "X2pUL PUR $30U319J31 [EIRNdRIBONQIq SIPRLOU]
A[9soA ey (usuLireyo) 19591y uedjiom _— w  d “@
el 1N M
AALLINNOD SINTWIDNVIAY TVYI01 panpa / Auewsap ‘Sinquinm ‘7661 Jaquardag p-isnSny [¢ ‘Adoososdadg
UBIBY UO IOUIIIJUCD) [FUOHBWINU] YUIBBIL] Ay Jo sBuipassosd
uddumgo ‘193inqx001§ ‘W yinaufeg ‘neasaqne’] 'y : Adoososdadg uswwy JO 30UIUOC)) [FUCHIBTIANT] YIUIIUNLL
BUSS ‘UIQNYIS ‘W uipeg ‘ne 'y (Auewsdp ‘Sinqziom
UGPOURIA IMNIYOS "M'H uipeg ‘uuvwsiauy] 'H : 661 : YiET) Adodsospadg urwey U0 OUIIFJUO)) [PUONBUINN]
udssg ‘Iopeayos ‘g mqzipm ‘(uvuureyo) 391 ‘M o wepmIngag-ur-Suilow)) sssuldne) fo Lwsgry
Bmqzinm ‘soprouyos ‘m'd wWANEISIISIY ‘Ipof “f'H
8mquaug ‘fpruyds ‘aa WIYINA IPUIGIPITH ‘d
Sanqzinm ‘Yoveyds D 31q13pwOY ‘19sAg ‘H'H
o ot o
urag ‘Yory ‘niumag ‘N'a . .
Hoppassnq ‘ono v UIYOUNI *SSINWPURIY . LSz 's Tuwrng I+ woen 4
WOGIIPEJ “USISO 9P UOA ‘M oL IpASyRg ‘J ¥0-so# widuniwag uepef L€ ‘P AN (VES) SU0S P Aopm wyor
Tpeus) ‘111 M6 OUTIBQ ‘aepray
FALLINIOD NYEH0ud \peoy 19183000 ZZ ‘PF] (FpEVED) 05 B Aoy Uyor
- USQOUOI INIYIS “M'H iqzipp ‘YowRyos 'O ;
AmqzIn M 19pAUYOS ‘M 8mqzm ‘(urunTeyo) 90y "M . e xog oy 100y TR0
Smquasy ‘}pruyss ‘qd weSnmg ‘euopsed ‘W URGRIE 658 o "O'd'D 'PYT AAIM SpURIEIS(
VSN ‘T100-85101 AN “WOA MoN
AALLINNOD DNIZINVOYO ‘anuaay PILL S09 *30] ‘W0§ B g UYL
(30umy]) aquiodse-] °f 20
(souesy) widing, *x°d Saiw_w% _._s&___..%u v'f peucnpd Lnm w0
(weduy) 1oqns], ‘W (ueder) emeSuniry -], .
o ek T
(Auwwidp) pruryos ‘q'a (vsn) Sung ¥t hepedendes 2q few 300 91 jo wed o
(VSn) sepurey "Y'V (rzug) wpepa) o -panasas slu v
:aAa éa E%...sx_w Aofomg mm ’
(ureds) a0 'S (puvog) wxsuemg H P O e
Oin) Svo1'v'a usuuTeyd ‘(N) WD H'rY i

pr] swos 3 Lanm wuor 4q 2661 Q wlukdop
FALLINKNOD ONIYIALS TYNOILLVYNYALNI




Y ISR VIO 191doip juaredsuen e i pasedwos ‘Afuanbasuo) s1vpdasp jong
19S31P Y1 U ISTX3 [[NS VJO JO SUNOWR J[GEPIOARUN °|.WI 6pLp] = Sim v s19(dosp
130} [3531P Ul VO Y} ZHWIUIW 0) J9pIo Ut (Wwu ¢9¢ 01 Suipuodsawod) .wd 669L1
0) PAYIYs 3q 01 sey Jose] 2Ap v woyy Yo ‘Jjdurexa 104 "pueq uondiosqe ayi apiIsINO
s1 Slm ey os Ve ue Zunaepes Aq paysiutwip 3q Lew Slm je sso] vdO

._o_322%ao.mco.m_va_in:w-o_aoaos =wu3 .voczw_»oﬁo:ouuv
feginwinze s YA Y tey) uonopaud K109y uoneqinuiad oy yum juaisisuod
*1-wd 90°0 = Aq padeds am yoym sypead iijds Aousnbayy fe1dads Jo si1S15U0D wnods
SUS oy *asayds [eapr ue Jo YW duo Aq pauoddns s1 §YS A1 udyMm YII mof 18 ‘uredy
"8c.01 ~ spmyydure uotuosip [fews € yim prosayds aeiqo ue jo adeys ay sannboe
widop reousyds ayy ‘saau0j fensoui Aq paqanuad st 1widosp Suimop v

“Joyenba 13dop oy punore waned saem
Suipuess Kreuoners e uuioj pue 1uayod aseyd are soaem SI] Sunededosdiaiuncd omy
Sy 1ey sasqdus STj Jo uonnquasip Jefn3ue 3y Uy AINJINRS UL JO RUASIXS YL [z1]
Jaquinu pow YW Y 391mM1 01 spuodsaniod syead Jo JaquInu Y AUYM ‘2INIONILS
Juy suquyxa vonnquusip rendue 3 ‘YqW uo Ajuo Aq pauoddns sy SIT uaym
Ul moj 18 ‘J19A9MOH ‘ordoxiost A[[enuassa st s, YN Auews Aq pauoddns st eyr Sij
Jo uonnquasip Jen3ue oy, "S1] jo a3exe3] Y1 01 INP SI SYS PAIOASP YL
*(1 814 93s) Y asudul yum uo1da pazifeso] Y pue YA
S11 oy uaamiaq depadao jeneds oY) uey) |qeIOAR) aJow ST YAW ST 241 pue QW
S1] 3y usamiaq depraao Teneds ‘U ueyl 19MO] ST §YS $9Y0IS JO SIIPIO SNOLIBA JO
Ansuaui ays y3noy uaag (11] s1ajdoup PO ut PaAIasqo uIaq sey SYS SIY0IS J9pIo
1s11)-K1uam) 3yl o) dn gys Jo Suidwnd apease) (1 ‘81§ 99s) UAmz - Ulo = STo
1’ pauaudd ‘ST Ansunul yiim ‘SYS SINOIS 1apio-1sayy sayioue Surdwnd
S11 jo asnesaq uonadap Ausuaus (5) pue {[01] suotoyd urwey oml SurAjoAul VJL
Ae1ouaap se [jom se uoloyd sasel-indui duo pue uoloyd uewrey auo Juiajoaur (VL)
uondsosqe uoloyd-omi aesouadopuou 9qissod (p) {(vdO) uondiosqe uoyoyd-auo
siqepioae (£) ‘(6] 191doup ay) apisus uondesjal Jo xapur snosuaowoyut Yim Jo/pus
2aepns a1 uo sajddu yum 3+ 1ardoip paginuad e woiy 93exes| uonerpes (7) ‘AAW
) Jo anpea-0) ayy uo Jurpuadap “1atdorp (eapt ue wouj ITeyed| uoneipes (1) :SIy
ANsuanuy §YS SINOIS JIPIO-1S11) Y J0J SSO] JO SIANOS UAIJIP ATe BN,

'[8] 3sind Syg Y-u
) Jo winwitxew Ay} 38 sMad0 Isind SES Yi-U P Jo wnwirurw P <7 'sasind §YS
pue §gS 2 jo uonejawLios [eiodwn s Aq parensuowdp st §YS Suidwind £q ggs jo
uotladap Ansuain 3y L ‘[8] YA SAS A PUB QW SAS P usamiaq depsao reneds
J]quioAe] Y3 Jo Isneddq ‘Ui £q ueys §AS Aq Apudtorys ow padwind oq ued SYS

“wiu 39(dosp oy utyum 1snf Juu papeys Y1 Aq paredsIput ST IAEM
SAS paresdudd ayy, V' Y1y jo uorda o sareIpUT (30E] MOpRYS
‘191dosp ayi unpim Isnf) XSIp popeys ay], ‘19jdoIp [Inj € UM
suonnqLISIp AJSuUl [BWINUL Y1 JO uoneIudsaidas onewsyog "1 Sy

uswey \

snosusjuods

6 TANLOTT AAVYNI vt

‘U uey ss3y st Aisuduy §gS AP y3noyr uaag [g) ured ucwey ) uey 1935w
s1 uted uINoj[UY Y1 18Y) 198 AP LM JUANSISUOD ‘IS|nd SYS IS AP UL 1|1 SIMI0
sAkempe asjnd S 151y Y3 1EY) S{EIA1 SYS pue (SGS) Suudneds uinojjug parenwis
3y jo s311j03d jesodwsa) pap10dal A|SNOFUTHNWIS "UOLIIIS $SOL UBWILY-Snoduejuods
a1 uey) Jo3se] S1 UONIIS $S01D uInOj[Ug-snoaueiuods Y ‘spinbif 1sow 10,
“uty £q paptacid 3q 10u pasu ured $YS ML (1 811 935) sso] dun-punos a1 spIRIX
ulf asuaiut Jo uo13as pazifeso] Y1 18 uled ueusey Y) JIAUIYM PIYORAI ST PlOYSAIY)
SUS UL ‘S, YAW Uim depaao reneds pood e aaey teyl sajnaajow 10§ uted uewey
Pasueyud puB ‘s, YN & %9eqpa3j [eando ‘uonenuaduod Y Jo $1535)9 pauIquIod Iyl
woJj sinsas s19jdosposoi ug ploysasy SAS Y Jo I5LAIIP WedyIu3ig

*Z “814 uy umoys are syopdoIp a0y (9531p Jo wnnds
SUS ay1 ut syead dreys (2] s1opuij4o pue [9] sa1ayds Joj paa1asqo ua3q ey jyoud
uewey snoaueiuods sy uo pasodwusadns syead dreys [¢'y] (Posea19p 10) paseasdour
S1 UONDIS SSOID UBWIRY IA1199}J9 oY ‘(wnwuny Jo) wawixew Lsudul YW Yt
12 St 330w 2y J1 ‘opdurexd 104 13(doIp Sy UIYIIM FNIIOW Y1 JO UOHEIO] P Uo
wapuadap Ay3iy st ured uewey so uonsas sso1d Juuanedss uewey Ay ‘Apuanbasuo)
‘(9] s, @A 3r1astp Iyl 01 s3;dnod uoueiper uswey Aty J1 PIdULYud I9q ued
‘S91es UONISURY IDUIISON] Y} 0) SNoFo[BUE ‘SRS VONISURN UBLIRY-Snoduriuods
‘pmyy, '(g] xopui spow eyanwize ay) (¢) pue Jotenba 131dosp 2y punore uonnqLISIp
Ausuyur feusur ayy ut syead Jo saquunu Y1 9o1m1 01 [enba si yoiym aquinu
Spow Y3 (Z) ‘uonnqLasip Lisuajut jeusaiul padeidae-aj3ue o) UI BS 1S () UIIMIN
syead Jo 23quinu ) S9Y109dS YoIym J9PI0 POt YL (1) :SIIPUI AN AQ PIUILLINP
st SAQ Y Jo uonnquisip feneds syl (1 "314 99s) Aouanbayy jeuonwiqia
1ginosjow Ayt st VAm asaym '4Am - Yo = Slm 1@ pa1dudd pue wu 1d(dosp Y
urguam isnf Sunenono soaem JuneSedosdislunod om) se pIuUoISIAUD 3q UED S, YN YO
216 jey) SaAem uBwey 5oyl ‘wnipaw Jutpunouns 3y Jo pue pinbyy Y1 jo uonaserja
JO s301put 3 Jo ones Y pue © Aq pszuOEIRYD e yYdiym asayds © jo (S, JAN)
$3oueuosaz dpuadap-A3ojoydiow 01 puodsauos sypduajaaem audsip assyl -oqyosd
ured ueurey A uiyum syi3uagaaem ayyroads e Litaes feando O-ydiy e se s1oe 19jdorp
Y1 asnedaq wiu yajdoIp a1 punore senand pue 1dosp ay Lq padden st vonelpes
uewrey snoaueyuods oyl JO Rwos ‘puoag (7] WAWISUBRYUI YOO ~ Yitm 08 mOopeys
191dosp ayi uwyum 1snf (1 '31g 93s) 919werp [ediduud 2y1 Suore uoidas pazifedo]
B Ul PAJeaU29U0) St (V'm Aouanboyg 1) ¥ Ansuaiuy sosep-indut jewsaur ayi “1ajdosp
Y1 uo Juapidoul st daem suejd B uaym 1sI1 "sauned) anbiun Y sey (Yidudjaaem
Y1 ueyy 193se}) ® snrpes yum yaqdosp pinby v °[1) uondsanp uonededoidos ayy
Buoje soaem Buiddepsono Ajfeneds aajoaut 1ey suonenbs saem Jesutjuou [euoisuaup
-3U0 pIepu®ls Yyl Yitm pue ‘}oeqpadj [eondo moynm paean Ljjesaudd si (SYS)
Suuaness utwey paeinwns Iyl Jo YPmold ayt *[133 [eando ssapzoUIW € U]

VSN ‘LS1Z-07S90 INONNVUUOD ‘UIABH MIN ‘KIISIdATUN [BX
‘sonsoudei(] 195e] 30j 19u3)) pue sskyd patddy jo waunredaqg

9znduadiag v pue ,3uey) "y "y

S.LTTAOYAOUIIN NI ONINALLYOS NVIWNVY
QILVTNALLS O SNOLLVOIddV ANV SOLLSRIALIVIVHO



"(Z661 Ut paysiiqnd oq o)
wy 30§ dQ 'f ,'n9[dos(] uf $25$30014 Ieaurfuop Jo Suldnoy Pus PMOID AP
0 [3PON dnsSUndH,, ‘YAISH “J-M Pue ‘Suvy) )Y ‘vay) ‘O ‘[eznduadiag 'y ‘g1
(1661) L11 IT "norg WO “UIH 'D'S puv ‘Susy) *y'y 9y .._.m, ‘way) ‘0 ‘Tl
. [ wy 08
‘WO °f o1 ponnuqns ‘sinsay mvawuadxg :s19pdoxg uy UONEIAUIN Kouanbasg
wng JIpIO-pAYL, ‘IIMH "O'S Pus 190y ‘g'M ‘Suwy) "Y'y ‘Yo ‘H'A ‘11
g
1dQ o1 pannugns  ‘sivjdoi pIzi§ 19w u1 Suuaneog wewrey patejnwng
uo uondiosqy uoioyq-omJ, jo 1933, ‘Juey) 'y pue (ezpduadiag 'y -
‘(0661) L8IS ‘TF V
"A3Y ‘sAyd ‘[IIH "D'S puv ‘Joqieg ‘M'd ‘Sunox 'y ‘Suno "Id ‘e ‘W'H
"(0661) 801 TH "wy *30§ 1dQ [ ‘Suey) "Y'y pue ‘voy) 'O ‘Sueyz Z-
(Z861) €67 ‘T 'YOIL '19§ (05019 ‘1oqreg 'M'd Put ‘uey)) "N Y ‘UIMQ “d'f
(S861) SIST ‘PT WO '1ddy ‘1o5ory ‘M pus umyg, 'y
(0661) 01pE ‘FT V A9y "shyd ‘mdyD) 'H
"(L861) ¥00Z ‘T &
¢861) *s661 T @ "wy 00§ 1dQ [ ‘Bunox ‘Y pue ‘my ‘WH ‘3ug) *)'S
‘g 'd ‘8861 ‘Oynu0g ppom ‘('spa ‘uey) Y-y puk Jaqreg ‘M'd)
Y ! NAD wi ‘souusg "7y pue |iTH %.m
(L861) 8YE1 ‘T WO ‘1ddy
‘Busy) MY pur ‘YaIsH f-M ‘Bueyz Z-'f Joqueg 'M'd ‘Bseoutuag '§'q
‘OpL1-p801 "dd *ZL61 ‘PuR|IOH YuUON ‘('SP ‘sioqnq
VRS 'O'd PuR Y20V 1) ‘YOOGPUEH I35V ul ‘91BN ‘W Pue JasieY ‘M |

"Iyd13y 150w u23q darY UY) "D pur SNV ‘d'M ‘H 'S
M SUORRIOQEII0D 35019 YL, *(0S 10-16 1UeS) Yareasay SYRUIDS JO NFJO 920 JTY
"$"N 3 £q Yoseasas sty jo woddns rensed s 93papmownyor Ajmyaress ap

S, 4N Uo 31e tey saaea jo Surpdnoo
Je2UIUOU 3Y3 puB 1UAIHI09 ured uewey pIsueyud A|esinBuiponss]s-wnjuenb
I U0 SISO I JO 199359 Y Ya0q JO SUTPUEBISIOPUN JANIQ B YOIBAI IM IANJE PIAINYIE 3G
A[uo uwd SINISUANUT SYS IANLISI A} WAL} SUONIRAUIIUOD IANE[I ) JO uonRUMULINIP
ARIN0Y “13A3MOH “Jwouodwod Janj Buneiodeas-uou ays Jo 1eL 0) IANE[OI SISEAIIOP
wouodwoo tang Sunwiodeas 3 Jo Aisustut SYS moy 3unou Aq s1ydoip jany

"PAVDIPUN AT SWISIURYIHW
$S0] SNOLRA pus ures uewey Y] ‘wu 13{doIp Y utygum soAeMm
3untoaen SuneSedosdroiunos om se paruasaidas ore Stm pue
Sim je soaem oy, -sueid reuoienbs 131dosp oy ut Stm pue ‘Slm
‘Ul 18 sKe1 Jy) pue (sease POpeYS) SINISUANUL oY JO SnERWIYIS g “Sig

(=
—

N €\ < wVdr~wo

n—— m—..— .

n_— m—— m-.n_n -

w—— a— 0-
n—— l- ﬂ—.lﬁ -

Q—n l—c . .
© SHS JopIO I18)

6 TUNLOTT AUVYNT 9€

wavodwoon(nuw PIteay Jo e uourIodead Ay (5) pue ‘satdads snoumA g Josyws
uswrey anbiun ay 1 Lrsuaur SYS g Jo onws snuiueSo] s Sunemomes £q 19 .
19n) Jusuodwoon]NW ¥ U} $3199ds WRYURLIOP [829A38 JO UONEQUIIUOD sanejas M (p) .
‘awn uy Kesop sapnijduwre uonw|aso [endads asa moy Sunou £q KiisodsiA Ning ,
o (€) ‘sxywad YW dIwys o Jo suoneyino [endads Surpuodsancs s Suumsew Aq
sas.hgsxz..o_g%-sﬁus&goatzéﬁ ‘oead yqW deeys
n Jo ssutowds rensods oy wiogy 9z 191dosp 2 (1) :19/dosp ¥ Jo sonsadoxd eonuay>
pue [eorsAyd Bumoljoj ap 2onpop o1 patidde uaaq aaey w2ads SyS YL
‘Buons sy ST uaym weuodwi Ljuo
s1 571 3uidwind 4q S11 jo uonagdap Ausudiut ‘Ajsejrung ‘Suons st ST uaym wwenodun
Ajuo st (SIIS1]S1-S1g) $50] VAL IRIUTIP YL "PIAANYIR 3q I9AN UED PlOYSAY
SUS ‘spinbij asay) 104 -S1-Ug ueyy ss3] 3q ued 1) ‘spinbyy Swos up (SI-g - 0)
0} Uje3 uruIey |.I9A0 34 520nPas Ui asuAuY Jo uorBas Iy Ut paziedo] (ST SI-vlg)
$50] Vd 1 21819u333puou a1 ‘wuasaud st v ] uaym SU] s STj 0) UOISIFAUOD [un
wu 19(dosp ap punose Junenand £q Ajenuauodxa dn spytng Sty Sty + Sio < o
uyMm payshies st UONIPUOd PloYsAIYY SYS Y1 ‘VdL OU Jo Ised A ul
JU3121JJ300 dFexed| pALI-AAN
2yt s1 ST pue ‘Juaid11§300 ydO 2 st Sio ‘Sf Burdwind £q Sif jo uonajdap Ansuatus
Y 51 uud STIO oy ‘Slw 18 suoloyd om1 Butajoaur 1Ua1913J305 YL rerousdap
Jyi st S1-S1g ‘Slm 1 uvoloyd auo pue ¥m 1z uoloyd uo Burajoaus 1u3151)390
Vd.L 9esouadapuou ays sy S1-vlg *Si] 30§ 131515900 ured vewey sy st 0 Aym

we
(1 Sy [stp-Sin-SZg- S SISIg- W (SIUg- ) ] =

:[g1°01] se passasdxa aq ued ‘aued feuocienbs
19[do1p ayi UIYIM UOHDINP-¢ I Ut SABINDAD 31 S8 *S] Jo Aeaop pue mosd
*sueld reuoienbs 131dosp 3y uIyIM Bupnd30 $355000d JEIUIUOU PUR JRIUT| IUBLRUOP
Y} JO INBWIIYIS € ST ¢ unBry A 18U I Ul SUONISUED PIMO]JE uoIoYd-OM) Yitm
s3[na3jow dyuedio a8re] soj Arernonred ‘aiqepioatun aq Aew 5193339 V4L

191doup waredsuen ¢ jo aexed pareaI-YaW ATUO v
PAIRIdOSSE IN[RA-0) Y1 UBY JIMO] 3q 01 $59303d §YS Y1 J0J NIBQPIIJ AIBSSINU M
Burpraosd YAW 4 JO anfeA-D s sasned pur $19[doIp [In] [3SAP J0J PIOYSATY SAS
wnnodds 3 Jo sFum  ut syead poreas Yaw s sziseydws
0} JOpI0 Ul PAROUNS ST WU §°8/9 1B Ipows Fuydens H-D
a1 jo xead ayy, °s1didorp [anj [9531P dSuewOR Wos) 8N3ds SYS ‘7 "1y

{wu) yBusjeaepy
989 $89 89 089 8.9 929 w9

b wugeg ="y

5 § &
(siun “qus) Aysuaiu

(wrl g5 ~ v) Jodosg Budiens
 19n4 (989)Q oswosy HJ 1
r[l&jgﬂlgll

(,.w3) yys uswey

St 6 TANLOTT AYVYNIU



